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SUMMARY OF SDNIC BOOM RISE TIMES OBSERVED DURING

FAA COMMUNITY RESPONSE STUDIES OVER A 6-MONTH PERIOD

]IN THE OKLAHOMA CITY AREA

by Domenic J. Maglieri and victor E. Sothcott

ABSTRACT

The sonic boom signature data acquired from about 1225

supersonic flights, over a 6-month period in 1964 in the Oklahoma

City area, has been enhanced with the addition of data relating to

rise times and total signature duration. These later parameters,

not available at the time of publication of the original report on

the Oklahoma City sonic boom exposures, are listed in tabular form

along with overpressure, positive impulse, positive duration, and

waveform category. Airplane operating information along with

surface weather obse]_ations are also included.

Sonic boom rise times include readings to the 1/2, 3/4, and

maximum overpressure values. Rise time relative probabilities for

various lateral locations from the ground track of 0, 5, and

i0 miles are presented along with the variation of rise times with

flight altitude. The tabulated signature data, along with

corresponding airplane operating conditions and surface and upper-

level atmospheric information, are also available on electronic

files to provide it in a format for more efficient and effective

utilization.

SUMMARY

Measurements of sonic boom signatures have been made over a

period of several months and for several flights each day. Data
were obtained both inside and outside of buildings at locations on

the ground track and at lateral distances from the ground track of

5 and i0 miles. Statistical analyses have been performed for the

overpressure, positive impulse, and rise times.

Finite rise times were measured on all flights. The wide

variations observed in the sonic-boom signature shapes are not only

reflected in varying overpressures but also in the signature shock-

wave rise times. The relative probability of larger rise times

increases with increasing lateral distance from the flight track.

Mean values of rise times to the 1/2, 3/4, and maximum over-

pressures are about 2, 4, and 7 msec, respectively. Rise times

also appear to increase with increasing flight altitude with mean

values varying from about 2 to I0 msec, depending upon the rise

time definitions.



INTRODUCTION

Measurements of the sonic boom exposures during the Federal
Aviation Administration (FAA) Community response studies, over a

6-month period in the Oklahoma City area, are reported in reference

i. These experiments provided the opportunity to evaluate possible

effects on the sonic boom signatures of the atmosphere and weather

for an extended period of time from February 3, 1964 to July 30,

1964, and for a relatively large number of controlled steady-level

flights totalling about 1225. The major conclusion from these

measurements was that sonic boom signatures can vary widely both

in peak amplitude and wave shape because of atmospheric dynamic

effects. The higher overpressure levels were associated with

peaked waveforms, whereas lower overpressure levels were associated

with rounded waveforms. Nominal or expected overpressure levels

were associated with normal N-wave type signatures.

During the Oklahoma City tests, maximum overpressure was

selected as being the most significant sonic boom signature

parameter relative to community response. As the sonic boom data

base increased as a result of concerted efforts in support of the

Concorde and United States Supersonic Transport (SST) Programs,

other sonic boom signature parameters were also examined to

determine their significance in the response arena. For example,

it was found that boom signatures that had been shaped to have

increasing rise times, from the assumed zero rise time of the

calculated N-wave type signature, resulted in lower annoyance for

the same overpressure level (ref. 2). Studies relating to sonic

boom minimization through airplane design considered waveforms with

increased rise time. However, past and current efforts on

minimization are still hampered by a lack of definition of an

"acceptable" boom signature and what parameters should be mini-

mized. It is agreed that shock rise time will play an important

role, as well as the atmosphere (ref 3).

The signature variability observed during the Oklahoma City

tests and reflected at that time in terms of overpressure, impulse,

and waveform category, also carried with them variations in bow

shock rise time with peaked waveforms usually having shorter rise

times and rounded waveforms having longer rise times. Rise time

information was not addressed at the time of the signature analysis

of reference 1 although some information was obtained and presented

in reference 2. In later sonic boom flight experiments (refs. 4,

5 and 6), increased attention was given to addressing the rise time

issue and these data, along with the other signature descriptions,
are included in the documents.

NASA has recently funded an effort to provide an electronic

file of the sonic boom signature data, tabulated in references 4,

5, and 6, along with the airplane operating conditions and surface

and upper-level atmospheric information. Such an electronic file
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will permit more effective and efficient use of the sonic boom
measurements.

As part of this effort, the present report is intended to
provide an update to the tabulated sonic boom data of reference 1
with the inclusion of bow shock-rise time values and also signature
total duration. The rise time information for Airplanes A and B
will be presented Jn terms of time to the 1/2, 3/4, and maximum

overpressure value for each of the three lateral locations from the

ground track and, also, their variation with altitude. In order

to enhance the value of the rise time summaries, the probability

distributions of overpressure and impulse, given in reference i,

are also included. Thus, certain sections of this report will

differ only slightly from that found in reference i. In fact, with

the exception of the rawinsonde data for each day on which flights

were made, this report may be considered a stand-alone document

which could provide all of the information relating to the

influence of the a%mosphere on the outdoor sonic boom signatures

during the 6-month Oklahoma City tests. Finally, all the data

contained within the tables in this report that relate to the boom

signature, aircraft operations, and surface and upper-level

atmospherics are contained on electronic files.
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SYMBOLS

airplane cross-sectional area, sq ft

nondimensional cross-sectional area A/_ 2 at

nondimensionalized station t = x/_

equivalent cross-sectional area due to lift at airplane

station x given by B = _ fx F L' dx

2q o
lift coefficient

lifting force per unit length along airplane longitudinal

axis

airplane flight altitude, ft

impulse of positive phase of sonic boom signature

ground reflection factor

length of airplane, ft

Mach number

reference pressure, ib/sq ft
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Ap

AP i

AP o

q

S

t

At o

AT

X

T
max

T
3/4

TI/2

incremental pressure above ambient pressure due to

flow-field of airplane, ib/sq ft

peak positive overpressure inside building, ib/sq ft

pressure rise across shock wave at ground level, ib/sq ft

dynamic pressure, ib/sq ft

wing planform area, sq ft

nondimensionalized distance along longitudinal axis from

airplane

time duration of positive phase of sonic boom signature, sec

total duration of sonic boom signature, sec

cylindrical coordinate measured along body axis, ft

rise time of bow shock from onset to maximum overpressure
value, sec

rise time of bow shock from onset to three-fourths of

maximum overpressures value, sec

rise time of bow shock from onset to one-half of maximum

overpressure value, sec

=VM 2 - 1

Subscripts:

calc calculated

max maximum

meas measured

pos positive

The following symbols and definitions are used in Tables I to XXI
to denote weather conditions:

Surface winds:

First number in column is direction (relative to true north) from

which wind is blowing; second number in column is wind velocity in
knots.



Cloud cover:

CLEAR clear

SCATD scattered

BROKN broken

OVCST overcast

OBSCR obscuration

Precipitation:

A minus sign before type of precipitation indicates that the
precipitation was light, otherwise, precipitation was moderate.

E sleet

F fog

GF ground fog

H haze

L drizzle

R rain

RW rain showers

S snow

T thunderstorm

ZR freezing rain

APPARATUSAND METHODS

Test Conditions

Test flights for which data are presented were made in the

greater Oklahoma City area along the track indicated in figure I.

This general area has an elevation of about 1,700 feet above sea

level and included a population of about 750,000 people in its

urban, suburban, and rural regions. Several flights per day were

made starting in February 1964 and continuing through July 1964.
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Test Airplanes

Photographs of the airplane types used in these tests are
shown in figure 2. Airplane A, the F-104, has an overall length
of 54.5 feet and a gross weight varying from 14,000 to 19,000
pounds. Airplane B, the F-101, has an overall length of 67.5 feet
and a gross weight varying from 34,000 to 45,000 pounds. Airplane
C, the F-106, has an overall length of about 71 feet and a gross

weight of about 35,000 pounds. Airplane D, the B-58, has an

overall length of 96.8 feet and a gross weight varying from i00,000

to 116,000 pounds. Aircraft of these types have been used in other

sonic boom flight test programs and some details, such as area

distributions, fineness ratios, and shape factors, are given in

references 7 and 8. The airplanes were maintained and operated by

U.S. Air Force personnel. Of the nearly 1225 flights accomplished

during the 6-month time period, about 650 were made with Airplane

A, about 550 with Airplane B, II with Airplane C, and 12 with

Airplane D.

Aircraft Operations and Positioning

The aircraft were operated in the altitude range from about

21,000 to about 50,000 feet and the Mach number range 1.2 to 2.0.

The airplanes in all cases were positioned over the test area and

along the prescribed ground track by means of ground control

procedures with the aid of radar tracking. The ground controller

was located in Fort Worth, Texas, and the radar antenna was located

within the Oklahoma City area (see fig. i). The majority of the

flights were made on a heading of 049 ° magnetic. On February 19

and 29, the flights were made on a heading of 229 ° magnetic; on

April 28, the heading for flights 1 to 4 was 310 ° magnetic, and

flights 5 to 8 were on 130 ° magnetic; on April 29, flights 1 to 4

were made on a heading of 170 ° magnetic, and flights 5 to 8 on 350 °

magnetic. Flights on March 7 were conducted on the 049 ° magnetic

heading, but the airplane was displaced 8 miles to the north of the

original track. Radar plotting-board overlays were obtained for

all flights, and the data were used to provide information on

aircraft plan position and ground velocity. Altitude was obtained

from a Ground Control Intercept Station located in Oklahoma City.

All altitude values listed in the data tables are separation

distance, that is, the actual distance from the airplane to the

ground surface.

Each aircraft was directed on the flight track such that the

desired Mach number and altitude conditions were reached when the

aircraft was in the vicinity of Minco, Oklahoma, and were main-

tained to the general vicinity of Arcadia, Oklahoma. When these

procedures were used, the sonic booms observed at the measuring

stations, indicated in figure i, were associated with steady-level

flight conditions of the aircraft. In some cases, the acceleration

portion was extended beyond the point shown in figure 1 to permit
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two passes to be made during one flight. For some of these latter
flights, acceleration effects, as indicated by a double-boom
disturbance (see ref. 9), were noted to exist in the Oklahoma City

test area. Only the first to arrive pressure signature which, in

all cases, was the _ost intense, has been included in the data

tabulations.

Atmospheric Soundings

During the test program, four rawinsonde observations were

made each day by the U.S. Air Force weather facility located at

Will Rogers Field, Oklahoma (see fig. i). These observations were
taken within 1 hour of the times of all of the supersonic flights.

Measured values of temperature and pressure, along with the

calculated speed-of-sound and humidity values and wind velocity and

direction values, were provided up to at: least the airplane test

altitude. Unfortunately, these data are no longer available.

However, the two standard rawinsonde launches at midnight and noon

for each test day throughout the flight test period were obtained

from the National Oceanic and Atmospheric Administration (NOAA)

archives and are available on the electronic files corresponding

to this report.

In addition to the rawinsonde observations obtained during

each day, surface measurements of temperatures, winds, and so

forth, were obtained along with information relayed by the pilots

during their ascent to altitude and during the actual supersonic

run. The type of information obtained from the pilots included

indications of turbulence, cloud cover, and precipitation. The

surface climatological observations are also contained on

electronic files.

?ressure Instrumentation

The main components of the measurement systems used for sonic

boom pressures are the same as those described in more detail in

reference 7. Each channel of the system, as used in the experi-

ments, consisted of a specially modified microphone, tuning unit,

dc amplifier, and oscillograph recorder. The usable frequency

range was from 0.I to 5,000 cycles per second, and this range

applies to all the data presented herein. The microphones have a

dynamic range from about 70 to about 150 dB. They were field-

calibrated statically before each test by means of a pressure

bellows and a sensitive manometer. Prior to field installation,

frequency-response curves were obtained for all microphones.

Sonic boom pressure measurements were made both inside and

outside the three test buildings. Each outside microphone was

shock-mounted at ground level in the surface of a plywood reflec-

ting board, as in figure 9 of reference 7. Wind screens designed
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so as not to affect the pressure measurements were used at all
times. When measurements were made during precipitation, a thin
plastic cover was draped loosely over the wind screens.

For the inside measurements, each microphone was shock-mounted
at approximately 5 feet from the floor level near the center of the
room. These setups were used to make inside and outside measure-
ments at each of the three measuring stations noted in figure i.

Sonic Boom Calculations

Sonic boom calculations are included in this paper only for

Airplanes A and B since these airplanes are the ones for which

sufficient data were obtained for statistical analyses. The method

of performing the calculations is the same as that outlined in the

appendix of reference 7. Both volume and lift were considered and

in the manner illustrated in figure 3. The assumed volume

distributions and lift distributions for each airplane are shown

in figures 3(a) and 3(b), respectively. From the basic lift and

volume distributions, the sonic boom characteristics for each

aircraft are determined by machine computing procedures in

parametric form as indicated in figure 3(c).

In the calculations for signature wave lengths, that are

required in determining the impulse functions, it was assumed that
far-field conditions existed and that lift effects could be

neglected. In the calculations of wave lengths, the method of

reference I0 was used and the duration of the positive phase of the

wave was assumed to be equal to that of the negative phase.

RESULTS AND DISCUSSION

Wave Shapes

The type of experimental data obtained in the measurements of

the present studies are illustrated in figure 4, which shows sample

outside and inside sonic boom pressure signatures. The outside

pressure signature is of the N-wave type, whereas the inside

pressure signature has the general appearance of a damped sine

wave. The peak overpressure values in either case are defined as

the maximum positive deviation from local atmospheric pressure, as

indicated in the figure.

From a study of the data obtained, it was found that the

outside pressure traces varied markedly in character. As such, it

was useful to categorize these waveforms as indicated in figure 5.

In addition to the ten characteristic wave shapes, word descrip-

tions are also given to each of the categories by means of a

single, two, or three letter designation; for instance, a type "NP"

was judged to be intermediate between type "N" and type "P" and an



"SPR" is a "spiked-peak-rounded" signature. Also shown at the top
of the figure are definitions of various parameters of the
signature including positive pressure Apo, positive impulse AIo,
duration of the positive phase of the wave At0, total duration of

the signature AT, and bow shock wave rise time T (reading at 1/2,

3/4, and maximum Ap0 ) . Each of these qllantities, along with the

waveform category and inside overpressure Api are listed in the
main data tables and on electronic files.

Tabulations of Data

The measured data as determined from time-history records such

as those of figure 4 are listed in Tables I to XXI. The data in

each table are listed chronologically for each aircraft and
altitude combination. The addition of the information on rise

times and wave period necessitated a rearrangement in the format

of Tables I to XXI as compared to those in reference I. In

addition to the sonic boom signature data for the three measurement

stations, some associated weather and aircraft operating condition

information are included. Where there are no entries in the table,

either the data do not exist or could not be properly interpreted.

For the convenience of the reader and to indicate sample size,

Table XXII has been prepared to include the number of data records

at each measuring station for various flight conditions, along with

the number of the appropriate table (see Tables I to XXI) in which

the data are included. It is obvious from an inspection of Table

XXII that a larger number of flights were conducted for some test

conditions than for others and, thus, these results are of greater

statistical significance.

Signature Variability

Overpressure and positive impulse.- The data of figures 6

and 7 illustrate the variation of the peak overpressures for the

entire range of flight conditions for Airplanes A and B at each of

three measuring stations i, 3, and 4 at lateral distances from the

ground track of 0, 5, and i0 miles, respectively. In figures 8 and

9, the variations of the impulse values for these two aircraft are

shown by means of similar plots. All the data have been plotted

on log normal paper and straight lines have been faired through the

data points as an aid in interpretation. For this type of

presentation, the data points would all fall on a straight line if

the logarithms of the data fitted a normal distribution.

In each case, the opportunity is taken to plot on the abscissa

scale the ratio of measured-to-calculated values of either

overpressure or impulse. The measured value of overpressure or

positive impulse for any particular flight may be obtained from the

appropriate column of Tables I to XXI. The calculated values, on
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the other hand, may be obtained from Table XXII. Also shown in
each figure is an insert sketch (histogram) showing probability of
occurrence of various values of the abscissa quantity.

Several observations can be made from the overpressure data
of figure 6. Examination of the data on the left hand side of
figure 6, which relates to measuring station 1 on the ground track,
indicates that the data seem to follow a log normal distribution
with the exception of the low-valued points and this is a rather
general result of the experiments. The median value of the
pressure ratio for this case is noticeably less than i. In fact,
about 80 percent of the measurements for this particular condition
were lower in amplitude than would be predicted and only about 20
percent equaled or exceeded the predicted value. It can also be
seen that there is a probability of about 1 percent (0.01) that the
measured value will equal or exceed the predicted value by 50
percent.

The data for stations 3 and 4 at locations of 5 and i0 miles,
respectively, off-the-track, are shown in the center and far right
of figure 6. It can be seen that as the distance from the track
is increased, the variation in amplitude tends to be greater and
the median value is nearer unity than for the location on the
track. It has been shown in a number of subsequent flight studies
(ref. 2) that these differences are due primarily to the longer ray
paths in the presence of turbulence.

There is also a trend toward greater deviations from the log
normal distribution curve in the low-amplitude range for greater
lateral distances. The data show about a 1-percent probability of
equaling or exceeding measured values which are 2 to 2-1/2 times
the predicted values. This result should not be interpreted to
mean that the actual overpressures are necessarily higher than for
the on-the-track location since the off-the-track calculated values
are, of course, generally lower (see Table XXII). Similar data for
Airplane B are shown in figure 7. It can be seen that the same
general trends of the data exist. The median values and the range
of pressure-ratio values are noted, however, to be higher for
Airplane B.

It is believed that if the aircraft speed, weight, and
altitude were held absolutely constant and the atmospheric
conditions constant, the overpressure values would be equal for all
flights. The overpressure values from one flight to another are
not constant, but rather vary in amplitude over a considerable
range. These variations may be due to such factors as small
variations in aircraft flight conditions, small variations due to
measuring technique and instrument inaccuracies, and variations due
to the weather. For the data illustrated, the weather effects are
judged to be dominant.
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The positive impulse functions have been determined for the
experiments of figures 6 and 7 and are presented, respectively, in
figures 8 and 9. Log normal plots are presented and the data are
coded in the same way as for figures 6 and 7. The variations in
the impulse functiorLs are noted to be similar in nature to those
for the overpressure; however, the range of values is markedly
less. It can be seen from figure 8 that the median value is
generally less than the predicted value, whereas the reverse is
true in figure 9. This result is not presently understood;
however, the use of the far-field theory of reference 7 may result
in overestimating calculated impulse values for Airplane A and in
underestimating them for Airplane B.

Rise times.- A summary of the signature rise-time data is

presented in figures i0 through 17 Jn the form of rise-time

probabilities and rise-time variation with airplane altitude. This

type of presentation is similar to other rise-time results given

in references 2, 4, 5, 6, 8, and ii.

Figures i0 and ii illustrate the variation of rise times with

increasing lateral distance from the ground track for Airplanes A

and B, respectively, at stations i, 3, and 4. Each figure consists

of three histograms showing rise time to the 1/2, 3/4, and maximum

value of overpressure. In addition to showing the variations with

lateral distances of 0, 5, and i0 miles, the figures are intended

to give some indication of the effects the definition of rise time

may have on form of the histogram. Examination of the histograms

of figures i0 and i] reflect the general[ observations that larger

rise times may be expected when the distance from the ground track

is increased regardless of the rise time definition (TI/2, T3/4, and

_x)" This is the result of the increase in the ray path length
and longer "dwell" time the signature experiences in the lower

layer of the atmosphere. It should be noted that, not only does

the relative probability of larger rise times increase with

increasing lateral distance (spread of the histograms), the mean

rise times, althoug_ appearing to remain about the same (about 2,
respectively) actually4, and 7 msec for [I/2, T3/4, and Tmx,

increase slightly also. Note, too, that the mean rise time values

to Tmx are about twice those for TI/2.

Although a majority of the supersonic flights were

concentrated at 28,000 and 32,000 feet for Airplane A and at 33,000

and 35,000 feet for Airplane B, the rise time histograms of

figures i0 and ii are influenced by data from flights at both lower

and higher altitudes (see Table XXII). As such, it is of interest

to examine the prew_ous rise time data after it has been divided

by the appropriate measured overpressure. These data of rise time/

unit overpressure are given in figures 12 and 13 for Airplanes A

and B, respectively. Here again, the histogram to the left of each

figure is for _i_2, at the center for _3/4, and to the right, T_x.
On inspection these histograms, it can be observed that the

picture changes very little from the previous findings in that the
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relative probability of larger rise times per unit overpressure
increase with increasing lateral distance regardless of the rise
time definition (T112/AP1/2,T_I4/Ap3/4, and T_x/APmx). The mean values
do not appear to increase wlth increasing lateral distance and are
also about the same order as previously observed (about 2, 3, and
5 msec).

The rise time data of the present paper for the on-track
measurements (Station i) for Airplanes A and B was plotted as a
function of altitude and are presented in figures 14 and 15. At
the top of each figure is shown the variation of rise time to the
maximum overpressure (Tmx), the center, T3/4 , and at the bottom,
IV2" Data are presented for each flight altitude with an indica-
tion of the total number of data samples at each altitude, the
highest and lowest values (represented by the horizontal bars) and
the average value (represented by the circled symbol). A "best
fit" curve based on a weighting of the number of data samples has
been included on the plots. It can be noted that considerable
scatter exists in the data and that a majority of the data cluster
about two altitudes for both aircraft. Even so, there appears to
be a trend of increasing rise times with increasing altitude. The
exceptions to this are the data for T3/4 and _I/2 for Airplane A.
These latter data suggest a slight decrease in rise times with
increasing altitude. The curve fitting procedure applied to the
data may not be the most appropriate method that could be employed.
In any case, the fact that finite rise times do exist is of
considerable significance with the mean value varying from about
1.3 to 8.0 msec depending upon how rise time is defined.

Since sonic boom overpressures decrease as flight altitudes
increase, it is important to examine the variation of rise times
per unit overpressure and these data are plotted in figures 16 and
17 for Airplanes A and B, respectively. The same format of
presentation is used as applied to the rise time plots of figures
14 and 15. With the exception of lower values of rise time (since
measured overpressure ranged from about 1.0 to 2.0 psf), little
change is noted from the observations previously noted for
figures 14 and 15. Rise times generally increase with increasing
flight altitude regardless of how rise time is defined (TI/2, T3/4,
or T_x ) and mean values of rise time per unit overpressure from 2
to i0 msec are observed.

The possibility that rise time tends to increase with

increasing flight altitude was first suggested in test data

reported in reference 8 and further supported with additional

flight experiments (ref. 4) and summarized in reference 2. The

fact that rise time increases with increasing altitude (ray path

length) strongly suggests that rise times are primarily influenced

by the dynamics of the lower layer of the atmosphere. This is

somewhat surprising since flights at higher altitudes normally are

also flown at higher Mach numbers. Higher Mach numbers mean

smaller Mach angles and, thus, shorter ray paths. It has been
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shown, in fact (ref. 5), that flights at: the same alitude but at
two diferent Mach numbers of 1.3 and 1.6 result in larger rise
times being observed for the lower Mach number case.

CONCLUSIONS

Analyses of sonic boom signatures measured during the Oklahoma
city Community Response Studies over a 6-month period and for

varying atmospheric conditions and flight conditions indicate the

following conclusions:

i. Wide variations in ground pressure signature were

observed with corresponding wide variations in the peak

overpressure and to a lesser degree, variations in the

positive impulse function•

• Variations of overpressure and impulse may be represented

by a log normal distribution (normal distribution of

their logarithms) over the significant ranges.

• One percent of the measured overpressure equaled or

exceeded the predicted values by a factor of about 1.5

to 3.0, depending on the distance relative to the ground

track; the larger factor was associated with the larger

distances and with the lower predicted value.

• One percent of the measured positive impulse values

equaled or exceeded the predicted values by a factor of

about 1.2 ._nd 2.0, depending on the distance from the

ground track; the large factor being associated with the

larger distances and with the lower predicted value.

• Finite rise times are noted to exist on all measured

signatures as compared to the assumed zero rise times

for predicted sonic boom N-waves.

•

.

The relative probability of larger rise times increases

with increasing lateral distance from the ground track•

Mean values of rise time to the 1/2, 3/4, and maximum

overpressure are about 2, 4, and 7 msec, respectively•

• Rise times also appear to increase as flight altitude is

increased with mean values varying from about 2 to

i0 msec, depending upon the rise time definition.
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Table

TABLE XXII,- gUH=4ARy OF DATA POINTS AT EACH MEASURING STATION FOR VARIOUS FLIGHT CONDITIONS

Air- Air.

plane ft

Station I (On Track) Station 3 (5 miles) station 4 (I0 _ilem)

Delta Delta Delta

Delta Io Delta Io Delta Io

NUmber Po (calc) Number Fo (calcl NUmber PO (calc)

of Data (calc) Ib-mec/ of Data (calc) l_-mec/ of Data (calc) Ib-sec/

Mach Points pm_ mq ft Pointa pal lq ft Point, plf lq ft

I

I

!

I

II

II

II

I!

II

II

Ill

Ill

IV

V

V

V

Vl

VI

VI

VI

VII

VII

VIII

VIII

VIII

VIII

IX

IX

IX

X

X

X

X

X

X

XI

X!

11

XII

XIII

XIII

XIII

XIV

XIV

XV

XV

XV

XV

XVI

XVI

XVII

)(VIII

XVIII

XVIII

XIX

XIX

XIX

XIX

XIX

XIX

XX

XXI

A 41000

A 36000

A 37000

A 36000

A 35000

A 35000

A 35000

A 34000

A 33000

A 33000

A 32000

A 32000

A 31000

A 30000

A 30000

A 30000

A 29000

A 29000

A 29000

A 29000

A 24000

A 20000

A 27000

A 27000

A 27000

A 26000

A 24000

A 24000

A 24000

A 23000

A 23000

A 23000

A 23000

A 21000

A 21000

B 46000

B 46000

B 45000

B 44000

8 43000

B 42000

B 42000

B 41000

B 41000

B 40000

B 40000

B 39000

B 30C00

B 37000

B 36000

B 35000

B 34000

B 34000

B 34000

B 33000

B 33000

B 32000

B 30000

B 30{)00

B 28000

C 37,)00

TO

29}00

D 49)0O

TO

43300

2.0 3 0.90 0,0235 3 0,#i 0.0221 3 0.64 0.0180

1.5 g 0.93 0.0247 9 0.01 0.0227 g 0.63 0,0192

1.5 1 0.96 0.0255 1 0.g4 0.0235 l 0.65 0,0197

1.5 1 1,00 0.0263 1 0.65 0.0243 *'" 0.67 0.0203

2.0 1 1.19 0.0292 1 1,02 0.0269 i 0.77 0.0223

1.7 1 1.09 0.027? 1 0.96 0,0256 1 0.73 0.0213

1.5 26 1.05 0.0273 26 0.91 0,0251 25 0,69 0.0209

1.6 i 1.17 0,0290 I 1.02 0.0260 1 0.77 0.0222

1.7 1 1,19 0,0293 i 1.03 0,0271 i 0.77 0,0224

1,5 2 1,13 0.0269 2 0,96 0,0265 2 0.73 0.0219

1,0 3 1.27 0.0307 3 1.09 0,02|3 3 0,01 0.0232

1.5 103 1.1| 0.0297 101 1.02 0.0273 106 0.76 0.0224

1.5 17 1.23 0.0306 17 1.06 0.0201 17 0,76 0.0229

1.8 2 1.38 0.0326 2 1.16 0.0300 I 0,66 0.0243

1.7 76 1.35 0.0320 76 1.16 0.0295 74 0.04 0.0239

1,5 68 1.28 0.0315 70 1.10 0.0209 69 0.60 0.0234

1.0 1 1.44 0.0336 1 1.22 0.0306 **" 0.69 0.0249

1.7 27 1.41 0.0331 26 1.20 0.0304 25 0.87 0.0245

1.55 1 1.36 0,0326 1 1.15 0.0296 1 0.64 0.0241

1,5 29 1.34 0,0324 29 1.14 0.0297 26 0.63 0.0240

1.7 34 1.47 0.0341 33 1.24 0.0312 34 0.119 0.0251

1.5 160 1.40 0,0335 169 1.11 0,0306 155 0.$5 0.0245

1,7 5 1.54 0.0352 5 1,29 0.0321 5 0,92 0.0256

1.5 g 1.47 0.0346 | 1.22 0.0314 6 0.07 0.0251

1.3 5 1.36 0.0347 4 1,14 0.0316 4 0.61 0.0232

1.5 2 1,54 0.0367 2 1.27 0.0323 2 0.90 0.0256

1.5 11 1.69 0.0362 11 1.37 0.0341 11 0.95 0,0267

1.4 8 1.62 0.0377 6 I._2 0.0340 7 0.92 0.0266

1.3 1 1.56 0,03|3 1 1.27 0.0343 1 0.6| 0.0269

1.6 1 1.61 0.0396 1 1.46 0.0353 1 1.00 0.0275

1.5 2 1.77 0.0394 2 1.42 0.0350 1 0.97 0.0273

1.4 2 1.70 0.0391 4 1.37 0.0349 4 0.94 0.0272

1.3 Ii 1.64 0.0396 13 1.31 0.0362 13 0.90 0.0274

1.5 3 1.97 0,0425 3 1.52 0.0369 3 1.03 0.0216

1.4 3 1.89 0.0420 3 1.47 0.0368 3 0.99 0.0284

1.S 21 1.12 0.03911 21 0.97 0.0356 21 0.75 0.0296

1.4 7 1.0g 0.0394 0 0.94 0,0355 0 0.73 0.0295

1,5 9 1.16 0.0409 9 1,00 0.0365 I 0.77 0,0302

1.5 69 1,20 0.0420 70 1.02 0.0373 70 0.79 0.0309

1.5 20 1,23 0.0430 19 1,05 0.0362 19 0.01 0,0315

1.5 17 1.26 0.0443 17 1.08 0.0391 17 0.13 0.0322

1.4 4 1.22 0.0437 4 1.05 0.0390 3 0.00 0,0321

1.6 i 1.37 0.0463 I 1.14 0.0403 I 0.07 0.0331

1.5 32 1.32 0.0454 32 1.11 0,0401 32 0.65 0.0329

1.5 6 1.36 0.0467 6 1.15 0.0411 6 0.07 0.0336

1.4 3 1.31 0.0462 3 1.11 0.0410 2 0.84 0.0335

1.5 17 1.42 0.0483 1% 1.16 0.0421 10 0.09 0.0344

1.4 13 1.41 0.0491 13 1.14 0.0431 13 0.60 0.0351

1.5 76 1.53 0.0513 77 1.26 0.0444 77 0,93 0.0360

1,5 7 1.59 0.0530 8 1.29 0.0456 g 0.96 0.0368

1.5 105 1,65 0.0546 105 1.34 0.04_6 10S 0.96 0.0377

1.6 i 1.77 0.0570 2 1.42 0.0402 2 1.03 0,0387

1.5 14 1.72 0.0562 14 1,36 0.0479 12 1.01 0.03|4

1.4 3 1.65 0.0656 3 1.34 0.0476 3 0.97 0.0383

1.5 115 1.78 0,0577 115 1.42 0,0409 i14 1.03 0.0391

1.4 2 1.72 0.0573 2 1.30 0.0400 2 1.00 0.0390

1.5 1 1.85 0.0592 i 1,47 0.0501 I 1.06 0.039g

1.3 2 1.84 0,0620 2 1,45 0,0527 2 1.03 0.0416

1,2 2 1.75 0,0645 2 1.37 0.0542 2 0.97 0,0428

1.5 2 2.17 0.0658 2 1.67 0.0549 2 1.17 0.0429

2.0 I0 ii II

TO

1.5

2.0 12 12 12

TO

1,85
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A(t)

Amax

1.0

0 •2 .4 .6 .8 1.0
1-

(a) Volume distribution.

B(t)

CLS

.0-

Airplane B'-_/,'"_

_-Airplane A

l I I I I

0 .2 .4 .6 .8 1,0
t

(b) Lift distribution.

Kr ,8I/4

.O8

.16 -

I I I I

0 .01 .02 .03 .04

BCL S

(c) Sonlc-boom characteristics in parametric form.

Figure 3.- Definition of inputs to sonic-boom overpressure calculations by the machine

computer procedures described in appendix of reference 7.
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Sonic Boom Signature Parameters

Type

-]---'--= ........ NP

.J__

-f'--- NR

T
_L__.

! ..... p
p, P=

Pz Pz _ ,------,- Type

-T---F I - - -_ SP

!

p,..L ..L[ _.

• _ PR

3 , .t

7- _ R

Figure 5.- Diagrams of waveforms which represent the various categories of
measured sonic-boom signatures.
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